It is well known that the lipid content in the liver of rats fed a low -protein diet is markedly affected by the dietary amino acid composition (1) (2) (3) (4) (5) . On the other hand, WILLIAMS and HURLEBAUS (6) reported that rats fed a nonprotein diet supplemented with 0.3% of either cystine or methionine also caused a and A. YOSHIDA However, to date there has been no detailed study concerning the transport of lipid from liver into blood in the fatty liver of rats fed a methionine supple ment to a nonprotein diet. Therefore, we undertook the study of the mechanism of lipid accumulation in the liver with special reference to the transport of lipid from liver into blood. YOSHIDA et al. (9) reported the specific nitrogen sparing effect of methionine and threonine supplementation to a nonprotein diet together with the partial preventive effect of liver lipid accumulation. The effect of various amino acids on the liver lipid content of rats fed a nonprotein diet was also investigated. Experiment 1 Female rats were divided into 12 groups, each composed of 6 animals. These rats were fed a nonprotein diet supplemented with methionine together with one essential amino acid for 14 days (Table 1) . Changes in body weight and liver lipid content were determined. Experiment 2. In this experiment groups of 5 animals of both male and female rats were used. These rats were fed a nonprotein diet (Table 1) supple mented with either methionine or methionine plus threonine. In this experiment, changes in body weight, liver lipid and several plasma lipids were observed.
In experiment 1 and 2; the liver lipid was extracted from a dried fine liver powder with ether using a Goldfish apparatus for 8 hr and the lipid content was gravimetrically determined. Blood was obtained by heart puncture and the plasma was separated by centrifugation. Total esterified fatty acid of plasma was determined by the method of STERN and SHAPIRO (11), phospholipid by the 
RESULTS
The body weight changes in experiment 1 animals are presented in Fig. 1 and the liver lipid contents are shown in Fig. 2 . The loss of body weight was significantly less when rats were fed the nonprotein diet supplemented with methionine and threonine (group 4) as compared with the nonsupplemented group. Liver lipid content (Fig. 2) of the group 4 (methionine and threonine supplemented), was clearly decreased as compared with group 3 (only methionine was supplemented).
However, the supplementation of valine, leucine, phenylalanine or histidine partially prevented liver lipid accumulation due to methionine supplementation to the nonprotein diet. In Fig. 3 and Table 2 the results of experiment 2 are presented. The loss of body weight in the female rats was larger than in male rats except for the non protein diet control groups. In group fed the nonprotein diet supplemented with methionine and threonine, total esterified fatty acid value was increased as com pared with the nonprotein diet supplemented with or without methionine, and the sex difference was observed in plasma esterified fatty acid in rats fed the same diet (Table 2 ).
No significant difference was observed in the value of the total esterified fatty acid between the nonprotein diet group and the group of nonprotein diet supple mented with methionine. Plasma phospholipid in male rats on a methionine supplemented group was lower than that in female rats on the same diet. The plasma-free fatty acid was not significantly effected by the difference of diets. The supplement of methionine remarkably increased the liver lipid content of rats fed the nonprotein diet, and the liver lipid of female rats was significantly higher than male, although there was no sex difference in the control group. In Table 3 , the results of the determination of total esterified fatty acid, phospholipid and protein Fig. 1 . Effect of amino acid supplementation to a nonprotein diet on the body weight change of female rats. Composition of experimental diets is indicated in Table 1 . Each essential amino acid was supplemented isonitrogenously together with 0 .3% of L-methionine, and in this figure only the additional amino acids except methionine are indicated, e.g. +Thr means +Met+Thr, +Ile means +Met+Ile etc . Effect of Triton WR-1339 injection on plasma esterified fatty acid , phos pholipid and cholesterol in each group is shown in Fig. 4 . Esterified fatty acid values were found to be remarkably increased as compared with values in non treated rats. The concentration (mg/ml) of esterified fatty acid of group 1 (non protein) was 6.45+0.32, while that of group 2 (nonprotein+Met) and group 3 Fig. 2 . Liver lipid content of female rats. Rats were fed on the various experimental diets (Table 1) for two weeks and the liver lipid was determined. The amount of liver lipid is expressed as percent of dried liver, a, Significantly different from the control group (p<0.005); b, significantly different from the control group (p<0.025). Each group was composed of 5 animals. Fig. 4 . Effect of Triton WR-1339 injection on plasma lipids of rats fed on the nonprotein diet with or without supplement of methionine or methionine and threonine for 14 days . Plasma lipids were determined 3 hr after injection of Triton WR-1339 . 
DISCUSSION
WILLIAMS and HURLEBAUS (6) showed that a nonprotein diet supplemented with 0.3% of either methionine or cystine increased the liver lipid content . In the results of experiment 1, the liver lipid content was remarkably increased when rats were fed the nonprotein diet supplemented with methionine. The liver lipid accumulation was partially prevented when the nonprotein diet was supplemented with threonine together with methionine. This effect of threonine on the liver lipid content of rats fed the nonprotein diet is similar to that in rats fed a low casein diet as reported by HARPER et al. (20) . Also, the loss of body weight of the methionine and threonine containing diet group was the least among the groups tested. These results indicate a nutritional characteristic of each amino acid ( Figs. 1 and 2) . Generally, the reason of lipid accumulation in the liver is attributed to: (a) increased lipid synthesis in the liver; (b) decreased lipid oxida tion in the liver; (c) increased transport of lipid from the extrahepatic tissues to the liver; (d) decreased transport of lipid from the liver to the extrahepaticc tissues. It is well known that the production of fatty liver after the administra tion of ethionine (21) or orotic acid (15) is ascribed to a decrease in lipoprotein synthesis or secretion of lipoprotein into blood plasma. It is generally con sidered that the plasma very low-density lipoprotein functions primarily in the transport of glycerides of endogenous origin out of the liver (22 The accumulation of liver fat due to methionine supplement to the non protein diet was more significant in female rats than in male rats (Table 2) , and the plasma levels of esterified fatty acids and phospholipids in rats of fatty liver were also higher in female rats. FARBER (26) reported the sex difference of fatty liver production due to ethionine, they pointed the clear fatty liver appeared only in female rats, and the administration of testosterone propionate to intact or ovariectomized females or to orchidectomized males induces resistance to the ethionine fatty liver. Sexual hormone(s) may have relation to the induction of fatty liver in the present studies, too.
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